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We present new ideas and a complete collection of tools for solving the difficult

problem of designing, under various physics and engineering constraints,

optimized coils for low aspect ratio stellarators. These include various upgrades

to enhance the abilities of the NESCOIL code to obtain a surface current

distribution which reproduces the desired plasma shape. We have also added the

capability to target, within NESCOIL, the resonant errors produced by the

current sheet. For the next design step of obtaining filamentary coils from the

surface currents, we present a novel use of the genetic algorithm which

improves and hastens the search for a deep minimum in the optimization criteria

within a very large parameter space. For the final design step of obtaining finite-

size coils from the filaments, we present a series of ideas and codes to allow

efficient targeting of various engineering constraints. Taken together, this suite

of codes has enabled us to successfully design saddle coils for the optimized

quasi-axisymmetric (QA) plasma under consideration for the National Compact

Stellarator Experiment (NCSX) and modular coils for the quasi-omnigenous

(QO) configuration.
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Li 383 Berr vs Xerr Targeted Coils







The steps in this exercise were:

1. Run Xerror and Berror-targeted NESVD on d1826 surface for Li383 plasma to
produce two current potentials. Calculate all errors (X and B) and Jmax etc.

2. Cut n (6 ≤ n ≤ 20) uniform coils per period (fixed step in current potential), and for
each coilset calculate all errors  (X and B) by using post-processor code B2xpp.

3. Use Berror+Jmax-targeted GA to cut n (8 ≤ n ≤ 14) coils per period with variable
currents and non-uniform (variable step in current potential) coils. GA uses svd to
choose best currents within GA to reduce combination of Berror and Jmax.

4. Make GA runs with different weights on Berr and Jmax (and soon Xerr) targets to
reduce Jmax below 20 kA while keeping Berr low.

Note that a capability to target Xerr along with Berr and Jmax within GA has been
implemented and is currently being benchmarked. It will be used when available.



Li383 Xerr-Targeted-NESVD Berr-Targeted-NESVD
Coils/period Low Jmax High Jmax Low Jmax High Jmax

8 19.75 26.2 15.66 21.7

Xerr 6.81E-04 8.78E-04 1.84E-03 1.56E-03

Xerr Max 2.55E-03 2.75E-03 5.20E-03 4.50E-03

Berr 8.99E-03 7.90E-03 8.74E-03 7.58E-03

Berr Max 4.15E-02 4.42E-02 3.79E-02 3.92E-02

Comments Promising J too high Bad Surfaces J,X,B all High

Low Xerr, high Berr High Xerr & Berr

Status PIES-3-in progress Don't run PIES PIES-1-done Don't run PIES

14 18.2 33.45 16.25 22.23

Xerr 4.90E-04 1.03E-03 1.21E-03 1.12E-03

Xerr Max 1.55E-03 2.76E-03 3.74E-03 3.60E-03

Berr 9.11E-03 6.23E-03 7.90E-03 5.55E-03

Berr Max 4.23E-02 2.94E-02 3.82E-02 3.33E-02

Comments Best Xerr, high Berr J too high Xerr High, J low Good Surf?

Too many coils? Berr not low J high, B lowest

Status Try PIES Don't run PIES Try PIES ? PIES-2-done?
1) All cases are with combinations of Berr & Jmax targeted in GA Table 1
2) For Surface Current: Xerr = 1.55E-4 for Xerr targeted and 9.45E-4 for Berr targeted NESVD



Li383 High Beta GA Coils Ratios of Errors to base case Table 2 Actual Errors made by GA coils Low

Case Coils XR MXR BR BXR COMMENTS <|Xerr|> Max |Xerr| <|Berr|> Max |Berr| Jmax

Base: d1826.12.113. 60 1 1 1 1 Base Case 1.55E-04 9.49E-04 5.69E-03 2.89E-02

XB -GA =  X err targeted NESVD & B err targeted GA Coils

ga.d1826.12.113.60.7.1. 14 6.62 2.90 1.09 1.02 High Jmax 1.03E-03 2.76E-03 6.23E-03 2.94E-02 33.45

ga.d1826.12.113.60.6.1. 12 5.91 3.45 1.17 1.17 Do NOT 9.16E-04 3.27E-03 6.63E-03 3.38E-02 24.53

ga.d1826.12.113.60.5.1. 10 6.14 3.56 1.19 1.29 Run PIES 9.51E-04 3.38E-03 6.78E-03 3.74E-02 24.9

ga.d1826.12.113.60.4.1. 8 5.67 2.90 1.39 1.53 High Jmax 8.78E-04 2.75E-03 7.90E-03 4.42E-02 26.2

XBJ -GA =  X err targeted NESVD & B err+ J max targeted GA Coils

ga.d1826.12.113.60.7.9. 14 3.16 1.63 1.60 1.45 Low Jmax 4.90E-04 1.55E-03 9.12E-03 4.19E-02 18.2

ga.d1826.12.113.60.6.9. 12 6.96 3.69 1.81 1.67 Run PIES 1.08E-03 3.50E-03 1.03E-02 4.82E-02 16.59

ga.d1826.12.113.60.5.9. 10 6.96 4.08 1.92 1.76 On These 1.08E-03 3.87E-03 1.09E-02 5.10E-02 15.6

ga.d1826.12.113.60.4.7. 8 4.39 2.69 1.58 1.44 PIES-3 ??? 6.81E-04 2.55E-03 8.99E-03 4.15E-02 19.75

BB -GA = B err targeted NESVD & B err targeted GA Coils 

ga.d1826.11.126.60.7.1. 14 7.24 3.79 0.98 1.15 PIES-2 good 1.12E-03 3.60E-03 5.55E-03 3.33E-02 22.23

ga.d1826.11.126.60.6.1. 12 8.77 4.58 1.01 1.18 Surfaces 1.36E-03 4.35E-03 5.72E-03 3.40E-02 22.37

ga.d1826.11.126.60.5.1. 10 11.07 5.55 1.09 1.25 But Jmax is 1.72E-03 5.27E-03 6.18E-03 3.62E-02 22.71

ga.d1826.11.126.60.4.1. 8 10.09 4.74 1.33 1.36 Too High 1.56E-03 4.50E-03 7.58E-03 3.92E-02 21.70

BBJ -GA =  B err targeted NESVD & B err+ J max targeted GA Coils

ga.d1826.11.126.60.7.9. 14 7.84 3.94 1.39 1.32 Low Jmax 1.21E-03 3.74E-03 7.90E-03 3.82E-02 16.25

ga.d1826.11.126.60.6.9. 12 9.66 4.69 1.43 1.35 Run PIES 1.50E-03 4.45E-03 8.16E-03 3.89E-02 16.28

ga.d1826.11.126.60.5.9. 10 10.13 5.09 1.44 1.21 On These 1.57E-03 4.83E-03 8.19E-03 3.49E-02 16.1

ga.d1826.11.126.60.4.7. 8 11.88 5.48 1.54 1.31 PIES-1 bad 1.84E-03 5.20E-03 8.74E-03 3.79E-02 15.66



Li383 High Beta NESVD Ratios of Errors to base case Table 3 Actual Errors From uniform coils

X-NES = Uniform Coils cut from Xerror targeted NESVD is Case 12
Case Coils XR MXR BR BXR COMMENTS <|Xerr|> Max |Xerr| <|Berr|> Max |Berr| Jmax

Base: d1826.12.113. 60 1 1 1 1 Base Case 1.55E-04 9.49E-04 5.69E-03 2.89E-02 0.7605

d1826.12.113. 20 4.31 1.99 1.10 1.02 These are 6.67E-04 1.89E-03 6.24E-03 2.95E-02 Note

d1826.12.113. 19 3.06 1.75 1.18 1.07 uniform 4.75E-04 1.66E-03 6.72E-03 3.09E-02 This is

d1826.12.113. 18 4.87 2.26 1.10 1.03 coils cut 7.55E-04 2.14E-03 6.26E-03 2.98E-02 in NESVD

d1826.12.113. 17 3.49 1.89 1.24 1.12 from nesvd 5.41E-04 1.79E-03 7.07E-03 3.23E-02 units

d1826.12.113. 16 6.51 3.15 1.17 1.06 Xerr-targeted 1.01E-03 2.99E-03 6.63E-03 3.06E-02 Surface

d1826.12.113. 15 3.75 2.05 1.37 1.12 Case 12 5.80E-04 1.95E-03 7.82E-03 3.24E-02 current

d1826.12.113. 14 4.50 2.27 1.37 1.29 which is 6.98E-04 2.15E-03 7.79E-03 3.72E-02 density

d1826.12.113. 13 5.10 2.47 1.56 1.21 used as the 7.91E-04 2.34E-03 8.88E-03 3.49E-02 All coils

d1826.12.113. 12 4.56 3.02 1.56 1.43 Base Case 7.06E-04 2.86E-03 8.88E-03 4.12E-02 have equal

d1826.12.113. 11 7.28 3.21 1.84 1.41 for GA runs 1.13E-03 3.05E-03 1.05E-02 4.08E-02 current

d1826.12.113. 10 4.73 2.75 1.80 1.55 7.33E-04 2.61E-03 1.03E-02 4.49E-02 GA gives

d1826.12.113. 9 12.78 6.32 2.38 1.76 1.98E-03 6.00E-03 1.35E-02 5.09E-02 current 

d1826.12.113. 8 9.46 5.64 2.27 2.08 1.47E-03 5.35E-03 1.29E-02 6.01E-02 in coils

d1826.12.113. 7 16.24 8.01 3.33 2.37 2.52E-03 7.60E-03 1.89E-02 6.86E-02 A/cm^2

d1826.12.113. 6 19.21 9.76 3.08 2.92 2.98E-03 9.26E-03 1.75E-02 8.45E-02

B-NES = Uniform Coils cut from Berror targeted NESVD is Case 11
d1826.11.126. 60 6.10 3.18 0.78 1.23 Berr-Nesvd 9.45E-04 3.02E-03 4.41E-03 3.57E-02 0.8214

d1826.11.126. 20 6.75 3.64 0.95 1.23 These are 1.05E-03 3.45E-03 5.39E-03 3.55E-02 Note

d1826.11.126. 14 7.31 3.81 1.24 1.14 uniform 1.13E-03 3.61E-03 7.07E-03 3.29E-02 This is

d1826.11.126. 13 5.24 2.92 1.76 1.46 coils cut 8.11E-04 2.78E-03 1.00E-02 4.22E-02 in NESVD

d1826.11.126. 12 8.21 4.47 1.40 1.22 from nesvd 1.27E-03 4.24E-03 7.95E-03 3.53E-02 units

d1826.11.126. 11 7.33 4.20 2.15 1.78 Berr-targeted 1.13E-03 3.98E-03 1.22E-02 5.15E-02 All coils

d1826.11.126. 10 7.69 4.02 1.65 1.48 Case 11 1.19E-03 3.81E-03 9.37E-03 4.27E-02 have equal

d1826.11.126. 9 13.17 6.24 2.86 2.25 2.04E-03 5.92E-03 1.63E-02 6.51E-02 current

d1826.11.126. 8 8.89 4.30 2.14 2.04 1.38E-03 4.08E-03 1.22E-02 5.89E-02



Plot 1: Jmax for GA Li383 d1826 from Xerr and Berr-targeted-NESVD
Within GA: Berr or Jmax is targeted for each coilset
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Plot 2: <|Xerr|> Normalized to <|Xerr|> for Xerr-Targeted-NESVD
Normalized <|Xerr|> for Berr-targeted surface current = 6.1
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Plot 3: Max_Xerr Normalized to Max_Xerr for Xerr-Targeted-NESVD
Normalized Max_Xerr for Berr-targeted surface current = 3.18
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Plot 4: <|Berr|> Normalized to <|Berr|> for Xerr-Targeted-NESVD
Normalized <|Berr|> for Berr-targeted surface current = 0.78

Note that GA targets Berr and hence suppresses it
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Plot 5: Max_Berr Normalized to Max_Berr for Xerr-Targeted-NESVD
Normalized Max_Berr for Berr-targeted surface current = 3.18

1.00

1.50

2.00

2.50

8 10 12 14 16 18 20

Number of coils per period (Uniform - no markers or GA - hollow markers)

B_Targeted.NES

X_targeted.NES

B_NES + B_GA

X_NES + B_GA

X_nes + B&J_GA

B_nes + B&J_GA

PIES 1 bad

PIES 2 good

PIES 3 in progress


